Introduction
Periodontitis is a chronic inflammatory disease that affects the tooth-supporting structures, leading to loss of bone support and ultimately tooth loss. It can be either chronic or aggressive, and the diagnosis is determined using a combination of anamnesis, and clinical and radiographic findings (1) . Aggressive periodontitis is characterized by rapid disease progression and severe periodontal destruction in fairly young individuals (2) , whereas chronic periodontitis has a much slower progression rate. Despite these differences, both diseases can present in more severe forms and lead to tooth loss and edentulism (3) . According to Albandar (1) , aggressive periodontitis is characterized by early onset (before 25 years of age), involvement of several teeth with a distinct pattern of bone and attachment loss, radiographic vertical bone loss on the interproximal surfaces of posterior teeth or horizontal bone loss in advanced cases, with bilateral symmetry. The disease initiates on the interproximal surfaces of permanent first molars and incisors, which explains the advanced loss of periodontal support in these areas. Other criteria include rapid progression, lack of systemic involvement compromising the immune response, strong familial aggregation, suggesting a genetic role in onset of the disease (4) , and involvementPeriodontal disease is highly prevalent and one of the main causes of tooth loss in the United States and other countries. According to the National Health and Nutrition Examination Survey (NHANES) [2009] [2010] [2011] [2012] , an estimated 46% of adults (approximately 140 million) aged 30 years or older in the United States have periodontitis, 8 .9% having more severe disease and 37.1% mild to moderate disease (7) . A systematic review on the epidemiology of aggressive periodontitis found a disease prevalence of between 1% and 5% in African populations, whereas the prevalence in Caucasians from Europe or North America was between 0.1% and 0.5%. Among Hispanics (0.5-1%) and African Americans (2.6%) the prevalence was higher in North America and from 0.2% to 1% in Asia. In South America, disease prevalence varied from 0.3% to 2% and was dependent on ethnicity (8) .
Symmetry is a property whereby an object shows invariant transformation. Different concepts are available when referring to symmetry, and it is found in mathematics, art, architecture and other fields. Symmetric behavior is frequently observed in some health conditions, such as pneumonia (9) , caries (10), tooth loss (11, 12) . A few studies have evaluated the similarities between clinical parameters of contralateral sites in individuals with aggressive and chronic periodontitis (13) (14) (15) (16) (17) (18) . In a study of juvenile periodontitis, which is now referred to as aggressive periodontitis (19) , Hormand and Frandsen (13) found a "mirror-like" pattern in the distribution of bone loss between the right and left sides of the arch. Burmeister et al. also reported contralateral symmetry of interdental periodontal attachment loss in subjects with this disease (14) . A bilateral symmetric pattern among patients with chronic periodontitis has also been demonstrated using clinical and radiographic approaches (15) (16) (17) (18) .
It is important to determine whether chronic periodontitis and aggressive periodontitis show a specific and symmetric site distribution pattern, which would have the potential to facilitate diagnosis and implementation of epidemiological studies. The aim of this cross-sectional study was to evaluate the occurrence of bilateral symmetry in the distribution pattern of clinical parameters in individuals with generalized aggressive and severe chronic periodontitis.
Materials and Methods

Participants
Fifty-three individuals with generalized aggressive periodontitis and 33 with severe chronic periodontitis were selected from a pool of patients seeking treatment at the Periodontics Clinics of the School of Pharmacy, Dentistry and Nursing, and the Dental School in Sobral, Federal University of Ceara, Brazil. These patients had been enrolled previously in a study conducted to evaluate the presence of Aggregatibacter actiniomycetemcomitans and its leucotoxicity among family members (5) . Generalized aggressive periodontitis (GAP) was diagnosed following the criteria recommended by the American Academy of Periodontology (AAP) (19) : familial aggregation, rapid attachment loss and bone destruction, age at onset and clinical presentation as generalized interproximal attachment loss affecting three permanent teeth besides incisors and first molars. Individuals with severe chronic periodontitis (SCP) were diagnosed following the Centers for Disease Control and Prevention (CDC) and AAP case definitions (20) . It was defined as having ≥2 interproximal sites with a clinical attachment loss (CAL) of ≥6 mm (not on the same tooth) and 1 or more interproximal site(s) with a probing depth (PD) of ≥5 mm.
The research protocol was approved by the Ethics Committee, Federal University of Ceara, Brazil (#20/08, 03/14/2008). All participants were informed about the purpose of the study and provided written consent.
Inclusion criteria
Inclusion criteria included a diagnosis of generalized aggressive periodontitis or severe chronic periodontitis based on the established criteria. Other inclusion criteria comprised the presence of at least 20 teeth, no periodontal treatment in the previous 6 months, no antibiotic therapy in the previous 3 months, absence of systemic alterations that could affect periodontal status, no medications associated with gingival enlargement, or pregnant or lactating women.
Variables and data source
All individuals were examined and PD (measured from the gingival margin to the bottom of the pocket), and CAL (measured from the cementoenamel junction to the bottom of the pocket) were recorded. One calibrated examiner performed all measurements with a manual periodontal probe (UNC-15, Trinity Commerce and Industry Ltd., São Paulo, Brazil). For reproducibility analysis, duplicate measurements were performed on two occasions, one prior to initiating the study, and a second during the study. Twelve individuals diagnosed with chronic and aggressive periodontitis were evaluated twice, with a three-day interval. Data were analyzed and the Intraclass correlation coefficient (ICC) was 0.88 and 0.83 for PD and CAL measurements, respectively. Clinical parameters were evaluated at six sites per tooth (mesiobuccal, buccal, distobuccal, mesiolingual, lingual and distolingual) for all teeth, except third molars. Only interproximal sites were considered for evaluation of bilateral symmetry. Both mesial and distal sites at incisors and first molars were considered. For second molars, only the mesial surfaces were evaluated in an effort to avoid gingival excesses at the distal sites due to the presence of third molars. The Fédération Dentaire Internationale (FDI) tooth numbering system was used to present the data.
Statistical analysis
Data regarding age, tooth count, mean PD and CAL, mean proportions of sites with PD ≥ 5 mm and CAL ≥ 5 mm and the mean proportions of subjects with at least one site showing PD ≥ 5 mm and/or CAL ≥ 5 mm were compared by independent's t-test. In order to determine whether periodontal destruction was present at both contralateral sites, the mean proportions of subjects with both sites showing PD ≥ 5 mm and/or CAL ≥ 5 mm were also analyzed using the same statistical test.
Bilateral symmetry of disease was evaluated by comparing PD and CAL at the site level. In order to compare sites at which the disease was present, analyses were performed only when at least one contralateral site showed PD and/or CAL ≥ 5 mm. The intraclass correlation coefficient (ICC) was applied to evaluate the correlation between contralateral sites within the same group. Statistical significance was set at P < 0.05 and the analysis was performed with SPSS for Windows, version 17 (IBM SPSS, Armonk, NY, USA). The ICC was only applied when at least 16 individuals in each group had at least one contralateral site that met the predetermined clinical criteria (PD and/or CAL ≥ 5 mm). This sample size calculation (MedCalc, MedCalc Software, Ostend, WF, Belgium) was performed to provide 80% power with α = 0.05 and substantial ICC (0.65) (21) .
Results
Data on the demographics and clinical characteristics of the studied population are presented in Table 1 . Generalized aggressive periodontitis showed a higher degree of bylateral periodontal destruction than severe chronic periodontits. The comparison of mean PD and CAL ≥ 5 mm at interproximal sites and the mean proportion of such sites between groups showed statistically significant differences between them. When the proportion of subjects with at least one of the evaluated pairs of sites with PD ≥ 5 mm and CAL ≥ 5 mm, as well as the proportion of subjects with both contralateral sites with PD ≥ 5 mm and CAL ≥ 5 mm were compared, statistically significant differences were also shown. Table 2 presents the number of individuals with paired contralateral sites showing PD and CAL ≥ 5 mm in at least one of the two sites. ICC for PD and CAL along with P values are also presented. This evaluation was only performed when sites with PD and/or CAL ≥ 5 mm could be paired with contralateral sites in at least 16 of the individuals in each group.
In the aggressive periodontitis group, 24 pairs of PD values were analyzed; 20 pairs showed a statistically significant correlation of between 0.22 and 0.63. When CAL was evaluated, the aggressive periodontitis group included 27 pairs of sites eligible for correlation analysis, and 26 of these pairs presented a statistically significant Fig. 1 . In the severe chronic periodontitis group, only 6 pairs of sites were included for both PD and CAL analyses. Significant correlations for PD were found in 2 pairs (ICC = 0.36 and 0.48), and for CAL in 5 pairs (ICC between 0.33 and 0.58).
Discussion
The present study compared the symmetry of periodontal parameters in chronic and aggressive periodontitis. Cross-sectional analysis was performed because this approach allows an understanding of disease distribution in a determined time frame, which is of interest for both screening, and also epidemiological and clinical approaches for clarifying the occurrence of disease. Interproximal sites were evaluated with the aim of identifying symmetry in the distribution of clinical parameters. These sites were chosen because they have also been proposed as clinical criteria for classifying both aggressive and chronic periodontitis and their severity (19, 20) . Interproximal sites are more reliable for detection of periodontal disease since measurements performed at buccal/lingual sites may be influenced by abrasion from brushing and gingival recession, which can lead to overestimation of disease (20) .
Site-specific analysis was performed using an ICC approach, and only applied when at least 16 of the subjects in each group had PD and/or CAL ≥ 5 mm at one of the contralateral sites. The use of the ICC makes it possible to determine the degree to which two measurements tend to be similar in a clinically relevant manner. Thus, to verify symmetry among continuous data, this is one of the recommended approaches (22) . Among a total of 28 pairs of sites, 24 presented this criterion for PD and 27 for CAL in subjects with aggressive periodontitis, and a statistically significant difference was observed at 20 and ranged from 0.20 to 0.63. The highest correlations for both PD and CAL were observed at mesiolingual sites of mandibular first molars. Overall, among the 46 pairs of sites that showed significant correlations, 28 presented a fair correlation (0.2 to 0.4), 16 a moderate correlation (0.4 to 0.6), and two of them showing the highest ICC for both PD and CAL were considered to have a substantial correlation (0.6 to 0.8), as described by Landis and Koch (21) . In the severe chronic periodontitis group, only 7 pairs of sites presented a significant correlation. Fair and moderate correlations were found for four and three of the analyzed sites, respectively (21) . The mean proportion of sites where PD and/or CAL ≥ 5 mm was evident for at least one of them was also greater for aggressive than for chronic periodontitis. These results show that aggressive periodontitis is characterized by more severe periodontal destruction as well as a more symmetric pattern than chronic periodontitis. However, in patients with chronic periodontitis, the mean proportions of sites showing PD and CAL ≥ 5 mm were 20.8% and 26.6%, respectively. Thus, although the disease is present, the periodontal destruction is distributed more randomly.
Around 40% of the interproximal sites evaluated presented moderate to strong correlations with the respective contralateral site in patients with generalized aggressive periodontitis, compared with only 11% (three sites) in patients with severe chronic periodontitis. These results can be attributed to the main differences between aggressive and chronic periodontitis; onset at an early age along with rapid destruction at specific sites such as the first molars and incisors (19) , could have created a more symmetric destruction pattern in comparison with the more diverse pattern seen in chronic periodontitis. The symmetric distribution pattern of aggressive periodontitis strengthens the concept that its etiology is associated with not only local factors but also genetic or environmental systemic factors, which together may contribute to the bilateral symmetry of the disease (23, 24) . It has been suggested that the destruction can be due to the eruption pattern, in which the first molars are the first permanent teeth to erupt (23) . In accordance with this, the greatest correlations (ICC ≥ 0.5) found in onefourth of the patients with aggressive periodontitis were for the first molars and incisors. One of the theories used to explain bilateral symmetry in aggressive periodontitis is that genetic or environmental systemic disorders occur along with the extensive systemic and metabolic changes produced during puberty, and that these may disappear with time. The teeth affected for the longest period of time would exhibit the most severe periodontal lesions (24) . Furthermore, the prevalence of periodontal pockets was associated with the dates of tooth eruption, and the longer the teeth are in the mouth, the greater the chance of pocketing (25) .
The results of this study suggest that, especially in aggressive periodontitis, the presence of a diseased site can be an indication that a contralateral site may also be involved. Similar results have been reported by Hormand and Frandsen (13) and Burmeister et al. (14) , in which the distribution of clinical parameters in subjects with aggressive periodontitis, reported as juvenile periodontitis, was evaluated. Analyzing 156 patients Hormand and Frandsen (13) observed a pattern of bone loss, referred to as a "mirror effect", between the teeth of the right and left jaws. Burmeister et al. found symmetry between attachment loss at contralateral sites in patients with aggressive and also severe periodontitis. However, the authors' criteria used to classify severe periodontitis (generalized pattern of severe destruction with attachment loss of at least 5 mm at 8 or more teeth, at least 3 of which were not first molars or incisors) and the patients' mean age (25.4 years) were compatible with what is now known as generalized aggressive periodontitis (19) .
On the other hand, unlike the results of the present study, bilateral symmetry has also been found in chronic periodontitis (15) (16) (17) (18) . Rise et al. reported a high PD correlation (97%) between the left and right sides of periodontal sites (15) . Based on clinical findings, Mombelli and Meier (16) reported symmetry between clinical parameters at contralateral sites at the tooth and quadrant levels. Darby et al. (18) also found a significant right-left distribution in all clinical parameters evaluated in individuals with severe chronic periodontitis. Radiographic bone loss from panoramic radiographs between contralateral sites was analyzed and ICC values between 0.53 and 0.79 were found, the highest values being observed at the mesial sites of teeth 17 and 27 (17) . Nevertheless, the criteria used to perform symmetry analysis by these authors (15) (16) (17) (18) allowed some different interpretations, such as symmetry between sites with no periodontal destruction. In the present study, the correlation was made when the disease was present, PD and/ or CAL ≥ 5 mm, in at least one of the contralateral sites. This criterion avoided comparison between shallow sites against each other, which can possibly yield high correlations. Despite the high correlation reported, Rise et al. evaluated patients with a mean PD of 2.4 mm, which may not be clinically relevant (15) . Darby et al. suggested that bilateral symmetry may exist after they found no differences between the mean PD values for most of the contralateral sites they evaluated, except for the maxillary lateral incisors and mandibular second molars (18) . Similar results were obtained in the present study when the mean PD and CAL were evaluated (data not shown). However, when the ICC-a reliable statistic test-was applied, only a few contralateral sites showed a significant correlation. In the study by Persson et al. the patients were receiving supportive periodontal therapy, which suggests that the observed correlations were due to the fact that the patients had already been treated, and their affected sites had become shallower over time, and then became correlated (17) . Mombelli and Meier detected PD correlations between both sides, but the regression coefficients of determination were low, which meant that between only 14% and 26% of PD variability on the right side could be explained by the respective value on the left side (16) .
Chronic periodontitis has been reported more frequently in older subjects (7, 26) , whereas aggressive periodontitis shows characteristic occurrence in young subjects aged less than 30 years (19, 27, 28) . These features are in accord with the present results, as older subjects with an average age of 39.6 years presented with chronic periodontitis. The average age of patients with aggressive periodontitis was 29.6 years. The early age at onset characteristic of aggressive periodontitis probably indicates a higher rate of disease progression, leading to severe destruction of periodontal tissues in a shorter period of time relative to chronic periodontitis. It is estimated that progression of bone loss in aggressive periodontitis is three to four times faster than in chronic periodontitis (1) . Even though the subjects with chronic periodontitis were older than those with aggressive periodontitis, the average age was lower (39.6 years) than that in the studies by Persson et al. (17) and Darby et al. (18) . Despite the above shortcomings, these two studies suggested a contralateral symmetry in the clinical and radiographic parameters of subjects with chronic periodontitis, and the average subject age was 47.5 and 55.5 years, respectively. However, inclusion of older subjects would have been a study limitation, as tooth loss increases with age, and this specific sample population has a high prevalence of tooth loss (29) . One of the inclusion criteria of this study was the presence of at least 20 teeth, and this would have limited the sample size as well as the age of patients in the chronic periodontitis group. Data from the Brazilian National Health Survey has shown that 11% of the Brazilian population (16 million people) are edentulous, and that 23% have lost at least 13 teeth. In the state of Ceara, where this study was conducted, these numbers are higher, 29% of the population over 18 years of age having lost 13 or more teeth. On the other hand, as mentioned before, unlike the former studies, a strict criterion was chosen in order to analyze symmetry, i.e., at least one contralateral site with PD and/ or CAL ≥ 5 mm. Thus, even if the patients were older and more periodontal destruction had been observed, use of the above criterion would not have confirmed whether the disease distribution was symmetric, as observed in patients with generalized aggressive periodontitis.
The findings of the present study should be viewed in consideration of its limitations and strengths. Generalized aggressive periodontitis was diagnosed on the basis of strict inclusion criteria that had been employed in a previous study for microbial analysis and to examine the familial distribution of the disease (5) . The criteria used to analyze data were of clinical relevance; only sites with clinical signs of periodontitis were included. The novelty of this study resides in comparing individuals with chronic and aggressive periodontitis from two urban areas with comparable socioeconomic and cultural conditions who sought dental treatment at a reference dental school in the area. This offered the potential for a good degree of comparability in terms of the demographics of the included individuals. The main limitation was the small sample size of patients with chronic periodontitis. However, was justified due to the strict inclusion criteria regarding tooth count and the inclusion of patients with the most severe chronic periodontitis, accounting for the lowest prevalence (around 9% of the population) in large epidemiological studies (7, 26) .
As our results showed that patients with aggressive periodontitis had a higher proportion of sites with periodontal destruction on both sides, and that these sites presented significant moderate and strong correlations between their clinical parameters, it can be concluded that generalized aggressive periodontitis was characterized by more symmetric periodontal destruction than severe chronic periodontitis. This finding may contribute to a better understanding of the disease and act as a guide for diagnosis in future epidemiological studies. Furthermore, during diagnosis and treatment planning of aggressive periodontitis, it is important to pay attention to patients who have sites showing periodontal destruction on one side and lacking such destruction on the other, especially for incisors and molars. Along with major signs of aggressive periodontitis such as rapid attachment loss and bone destruction, and familial aggregation, it can be suggested that such patients have an increased risk of developing the disease. Therefore, preventive strategies such as early diagnosis and treatment could be implemented for these patients in order to prevent the breakdown of those sites.
